To investigate the changes in electrical activity after reoxygenation, guinea pig papillary muscles were reoxygenated with 5mM glucose solution after various durations (30-120min) of substrate-free hypoxia. Action potential duration recovered to the control level on reoxygenation following 30-120min hypoxia. The recovery of developed tension or resting tension was incomplete after reoxygenation following longer periods of hypoxia. There was a high incidence of arrhythmias on reoxygenation after 60min hypoxia, which have been shown to be triggered activities due to delayed afterdepolarizations. In some muscles reoxygenated after prolonged hypoxia (90-120min), there was electrical heterogeneity which was shown by variable action potential durations and configurations. There was also conduction block around the microelectrode site in muscle. It was suggested that the electrical heterogeneity and conduction block could predispose to reentry, and that triggered activities and reentry could be involved in the genesis of arrhythmias on reperfusion. (Jpn Heart J 1996; 37: 383-391) 
potentials had a reduced amplitude and triangular configuration. Damped oscillatory activity followed each stimulated event and extrasystoles generated elsewhere were conducted to the site. The electrical activity at the next 3 sites was near normal for this stage of reoxygenation (6-14min), and by 15min both electrical and mechanical records suggested that arrhythmic activity had ceased (not shown). However, a new impalement shortly afterwards indicated otherwise ( Figure 2C ). At this site, slow phase 4 depolarization gave rise to action potentials that generally occurred a few hundred milliseconds prior to the applied stimulus (BCL 1,000msec). The spontaneous action potentials were triangular in shape, had an extremely slow rate of terminal repolarization, and were not accompanied by detectable twitches. The applied stimuli always triggered twitches but not necessarily action potentials at the recording site. The reason for the electrical refractoriness lay in the timing of the stimuli relative to the spontaneous action potentials. As shown in Figure 2C , the stimulus response ranged from a full action potential (left), to an aborted event (middle), to no response at all (right), depending on the timing of the stimulus relative to the upstroke of the spontaneous event.
Examples of records from 2 other sites at later stages in the same experiment are shown in Figure 2D and Figure 2E . At the first site (20min postreoxygenation), the electrical activity was near normal. At the next site (30min post-reoxygenation), we again recorded long, triangular-shaped spontaneous action potentials and phase 4 depolarization. This activity was recorded for the next 25min. The microelectrode was then moved to a new site about 0.5mm away and the experiment terminated after the observation of action potentials having an almost normal appearance ( Figure 2F ). There was, however, no evidence of disparate action potential configurations when the muscle surface was mapped during reoxygenation after 60min of substrate-free hypoxia (n=6). Figure 3 shows a series of records with a continuous electrode at variable BCLs in a muscle that had been superfused with substrate-free hypoxic solution for 90min. After 2min reoxygenation, there was partial recovery of the APD and developed tension, and no sign of errant electrical or contractile activity during or after stimulation at a BCL of 500msec ( Figure 3A) . This was not the case after 5min of reoxygenation ( Figure 3B ) when the stimulation was changed to a BCL of 200msec. During the BCL 200msec train, each stimulus elicited an action potential and a contraction. Although cessation of stimulation led to electrical quiescence at the microelectrode site, there was a large spontaneous twitch that peaked about 500msec after the last stimulated one. This indicates the presence of a conduction block at the microelectrode site. The stimulation rate was then reduced to a BCL of 1,000msec, and arrhythmic activity was recorded from the microelectrode site over the next 10min. Clear evidence of a conduction block at the microelectrode site during the early part of this dysfunction is shown in Figure 3C . The first 3 action potentials of the record segment were spontaneous events conducted to the site; each of these was accompanied by a twitch. Since the regular stimulus arrived during the plateau phase of the second action potential, the electrical response was limited to a stimulus artifact spike. Despite the electrical refractoriness at the microelectrode site, the stimulus caused a contraction (downward arrow) which fused with the spontaneous beat. During the next 4sec, action potential was elicited by each stimulus (arrowhead). However, there was erratic mechanical activity during electrical diastole at the microelectrode site. After 8min of reoxygenation, conduction block at the microelectrode site during periods of rest and stimulation at a BCL of 1,000msec was even more striking ( Figure 3D ). By 18min post-reoxygenation, there was no further evidence of conduction block or spontaneous activity at any BCL ( Figure 3E ).
DISCUSSION
There has been a high incidence of arrhythmias upon reoxygenation after 60min of substrate-free hypoxia. The arrhythmias and the related delayed afterdepolarizations and aftercontractions have been shown to be caused by increased [Ca2+]i and oscillatory Ca2+ release from the sarcoplasmic reticulum. 
